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Background and Aim  
Sepsis, which is defined as a life-threatening organ dysfunction caused by a dysregulated host 
response to infection, is a leading cause of death wordwide. Infection is the triggering event of 
sepsis. The host immune system is activated by the invading pathogen and remains aberrant 
even if the treatment of infection is successful. Pathogenesis of sepsis involves many different 
components of host response, involving both excessive inflammation and immune 
suppression, and a failure of homeostasis. Many efforts have been made to identify 
therapeutic targets for the treatment of sepsis and regulating inflammatory responses has 
been the main strategy for sepsis therapy. TNF, the pivotal mediator of sepsis, its monoclonal 
antibody could completely prevent the lethality of sepsis in animal models, however, in sepsis 
patients, the effect is modest and there is variability between studies, new therapies are still 
urgently needed. Targeting bioactive lipid mediators is one of the strategies. 
Lysophospholipids (LPLs) are bioactive molecules possess a large polar or charged head and 
a single hydrophobic carbon chain, mostly acting through receptors. The increasing of LPLs 
has already been reported in various inflammatory models. Lysophosphatidic choline (LPC), 
its therapeutic effects in experimental sepsis has been demonstrated, however, the underlying 
mechanism remains unclear since it was proposed that LPC can prevent and treat sepsis by 
its receptor G2A, but actually there is no evidence that LPC activate G2A as a receptor binding 
ligand. We therefore wondered whether there is any other mechanism for explaining the 
therapeutic effects of LPC or not. However, the function of endogenous LPLs in inflammation 







Figure 1. LPA and LPA receptors  
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Lysophosphatidic acid (LPA), one of the simplest lysophospholipids mediating diverse 
biological functions mainly by activating its six GPCRs (LPA1-LPA6), is mainly synthesized 
through hydrolyzing LPC by a secreted enzyme autotaxin (ATX). LPA has various 
physiological and pathological functions including embryo implantation, hair follicle formation, 
angiogenesis, bone and neural development (Fig.1). Protection of LPA against inflammation in 
vivo has also been proved in many animal models. In this study, we investigated the role of 
locally produced LPA in experimental sepsis.  
 
Results and Discussion  
Firstly, we tried to improve the 
performance of LC-MS/MS to detect 
LPLs, which have extremely low 
amounts. With the narrow-core column 
and column-switching technique, we 
increased the sensitivity to LPLs. For 
example, to sphingosine-1-phosphate 
(S1P), a 20 times lower detection limit          Figure 2. Increased LPLs in CLP mice 
than the previously reported value was reached (Mass Spectrom (Tokyo), accepted). With the 
highly sensitive LC-MS/MS system, we detected the increasing of various LPLs, including S1P, 
lysophosphatidylcholine (LPC) and LPA in the peritoneal cavity of CLP-induced sepsis mice 
(Fig. 2). We also observed that intraperitoneally injected LPA provided protection against CLP- 
or lipopolysaccharide (LPS)-induced sepsis lethality. Importantly, the inhibitor of autotaxin 
(ATX, LPA-producing enzyme) (ONO-8430506) administration increased mortality in 
CLP-induced sepsis and canceled the protection provided by LPC (Fig. 3). Next, for further 
understanding the mechanism of LPA in anti-inflammation, the effects of LPA on cytokines 
levels were examined. Among several cytokines we measured, LPA dramatically enhanced 
the prototypical anti-inflammatory cytokine IL-10 production in plasma of LPS-induced sepsis 
mice. ATX inhibitor also reduced IL-10 level in peritoneal fluid of CLP-subjected mice. Mouse 
IL-10 recombinant administration rescued the ATX inhibitor-increased sepsis lethality (Fig. 4). 
































6 h after CLP 
  
Figure 3. Abrogated protective 
effects of LPC in CLP-induced 





Figure 4. Rescue of the higher 
mortality in ATX inhibitor treated 
CLP mice by IL-10 recombinant 
protein. 
 
In order to identify the type of cell that involved in LPA-induced IL-10 production, peritoneal 
cavity cells were harvested and sorted by FACS. Peritoneal macrophage (F4/80+), rather than 
B cells (CD19+) or T cells (CD3+), responded to LPS and LPA co-stimulation in vitro, 
expressing higher IL-10 at both mRNA and protein level. Macrophage depletion in vivo by 
clodronate liposomes also abrogated LPS-induced LPA-enhanced IL-10 production. So we 
proposed that peritoneal macrophage is the possible responsible cell. In order to identify the 
involved LPA receptor, the expression of six LPA receptors in F4/80+ cells was judged by 
RT-PCR, and Lpar1,2,5,6 were mainly expressed. LPA analogue (T19) with a potent agonistic 
activity to LPA5 enhanced IL-10 both in vivo and in vitro. Consistent with this observation, 
LPA-induced IL-10 enhancement were attenuated by LPA5 antagonist (TC LPA5 4) and 
canceled in peritoneal cells from LPA5 KO mice rather than LPA receptor 1 or 2 or 6 single KO 












































We have demonstrated the protective effects of ATX dependently produced endogenous LPA 
through the anti-inflammatory cytokine IL-10 in experimental sepsis.	The precise mechanism 
for the phenomenon observed in vivo was investigated in more detail. Peritoneal macrophage, 
rather than other cell populations in mice peritoneal cavity, was identified as the target cell by 
both using the isolated pure macrophage in vitro and macrophage depletion in vivo. LPA5 
receptor, which expressed in peritoneal macrophage, was the involved receptor for 
LPA-enhanced IL-10 production as confirmed with LPA5 knockout mice, LPA5 receptor agonist 
and antagonist. It functioned through enhancing IL-10 induction from peritoneal macrophage 











Figure 5. Proposed model for LPA-provided protection against sepsis through ATX-LPA5-IL-10 axis. LPA is 
produced in the ATX-dependent manner in the peritoneal cavity when sepsis occurred. LPA5 activation in peritoneal 
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かにされていません。本研究では、敗血症における最も単純な LPL の 1 つである、リゾホ
スファチジン酸（LPA）の役割を調べた。 




高感度 LC-MS / MS システムを用いて、CLP 誘発敗血症マウスの腹腔内に S1P、リゾホスフ
ァチジルコリン（LPC）および LPA を含む様々な LPL の増加を検出した。また、腹腔内注




炎症性サイトカイン IL-10 産生を劇的に増強した。ATX 阻害剤はまた、CLP マウスの腹内
IL-10 レベルを減少させた。マウス IL-10 リコンビナントタンパク質の投与は、ATX 阻害
剤によって増加した敗血症致死率をレスキューした。これらのデータから、ATX-LPA-IL-10
シグナルは敗血症の保護することが示唆された。 
 第 2 章では、LPA により誘発された IL-10 のメカニズムをさらに詳しく調べた。LPA 誘
導性 IL-10 産生に関与する細胞の種類を同定するために、腹腔細胞を採取し、FACS によ
ってソーティングした。B 細胞またはＴ細胞より腹腔マクロファージが in vitro で LPS
および LPA 共刺激により、mRNA およびタンパク質レベルの両方でより高い IL-10 を発現
した。クロドロネートリポソームによる in vivo でのマクロファージ除去によって、LPA
による IL-10 産生の促進がキャンセルされた。関与する LPA 受容体を同定するために、
F4/80+細胞における 6 つの LPA 受容体の発現を RT-PCR 解析で調べた結果、Lpar1、2、5、
6が発現していた。LPA1、LPA2、LPA5、LPA6それぞれのシングル KO マウスをテストした結
果、LPA5 KO マウス由来の腹腔細胞では LPA の IL-10 促進効果が消失した。 LPA5に対して
強力なアゴニスト活性を有する LPA 類似体（T19）も、IL-10 産生を促進した。このこと
から、LPA-LPA5が腹腔マクロファージにおける IL-10 産生を促進する機能を有することが
明らかとなった。 
 本研究は、敗血症に対する LPA の保護効果の新しいメカニズムを解明し、敗血症の新し
い治療法として LPA5 を標的とする可能性を提案した。よって，本論文は博士（薬科学）
の学位論文として合格と認める。 
 
